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1 . This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2. This REPOni consists of a total of 5 sheets, including this cover sheet. 

S This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of 4 sheets. 



3, This report contains indications relating to the following items: 
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Basis of the report 


II 
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Priority 


Ml 
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Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 


IV 
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Lack of unity of invention 


V 




Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations suporting such statement 


VI 
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Certain documents cited 


Vll 




Certain defects in the international application 


VIII 
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Certain observations on the international application 
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I. Basis of the r port 

1 . With regard to the elennents of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7)): 
Description, pages: 

1.3-12 as originally filed 

2,2a as received on 30/03/2001 with letter of 26/03/2001 
Claims, No.: 

1-6 as received on 30/03/2001 with letter of . 26/03/2001 
Drawings, sheets: 

1/1 as originally filed 

2. With regard to the language, all the elements marked above were available or fumished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or fumished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1(b}). 

□ the language of publication of the International application (under Rule 48.3(b)). 

□ the language of a translation fumished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the intemational application in written form. 

□ filed together with the international application in computer readable fonm. 

□ fumished subsequently to this Authority in written form. 

□ fumished subsequently to this Authority in computer readable form. 

□ The statement. that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the intemational application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been fumished. 

4. The amendments have resulted in the cancellation of: 
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□ the description. pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2} with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1-6 

No: Claims 

Inventive step (IS) Yes: Claims 1 -6 

No: Claims 

Industrial applicability (lA) Yes: Claims 1 -6 

No: Claims 



2. Citations and explanations 
see separate sheet 

VH. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 
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References cited 

D1: US-A-5 663 051 
D2: US-A-5 676 849 
D3: US-A-5 489 386 
D4: US-A-5 432 054 

Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1 . With respect to claims 1 and dependent claims 2 to 6: 

D3 describes a method for isolating fetal cells present in maternal peripheral blood 
(column 1. lines 42-48 and 50-55) comprising steps of 
a) transferring maternal blood into non-physiological tissue culture medium 
(abstract, "hypertonic gradient medium") 

c) isolation of the nucleated cells in a discontinuous density gradient (claim 1) 

d) washing of the cells and resuspension in tissue culture medium (implicitly, 
column 9, line 55, 56) 

e) identification of the cells by appropriate procedures and counting (column 10 
line 22-24). 

None of the documents cited describes the modification of the cell densities with a 
medium which after addition of an aqueus solution containing citric acid. Na citrate 
and dextran, has the following characteristics: pH6.4-6.6, osmolality 300- 
330mmol/l, Na+ 150-170mmol/l, K+ 4.5-5.5 mmol/l, CI- 100-1 15 mmol/l, Ca-t-+ 
1 .00-2.50 mmol/l. glucose 400-500 mg/dl. lactate 1 0-20 mg/d and the completion 
of the Isolation of NRBCs with a single step procedure by combining steps a) 
addition of an aqueous solution containing citric acid, Na citrate and dextran and 
b) transfer into a cell separation device with a liquid having an higher density and 
containing RBCs aggregating agent. 

Therefore claim 1 and dependent claims 2 to 6 appear to be inventive. 
Re Item VH 

Certain defects in the International application 

2. The amendments filed with the letter dated 26.03.01 introduce subject-matter 
which extends beyond the content of the application as filed, contrary to Article 
34(2)(b) PCT. The amendments concerned are the following: Description page 



Form PCT/Separate Sheet/409 (Sheet 1) (EPO-April 1997) 
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EXAMINATION REPORT - SEPARATE SHEET 



2a, lines 12, 13. New statements of advantages of the invention are not 
permissible because they introduce into the description matter which could not 
have been deduced from the application as originally filed. Furthermore, the prior 
art should not be referred to in a manner iil<ely to mislead. 



Form PCT/Sepaiale Sh8et/409 (Sheet 2) (tPO-April 1997) 



30-03-.2001 EP 00000271 8 

O/N / o-^7^ 7-7 

polymerase chain reaction (PGR). Following these studies by molecular biology 
techniques, the presence of fetal cells in maternal blood has been later confirmed 
and is now firmly established. Embryonic cells (before XII weeks of gestation) and 
fetal cells (after XII weeks of gestation) are collectively termed "fetal cells" . in the 
5 international literature. Several procedures have been proposed in literature to 
isolate these few cells for non-invasive genetic investigation, but the final fetal cell 
yield is so low that it precludes reliable cytogenetic analysis by fluorescence in situ 
hybridization (FISH) or other genetic procedures due to an enomious matemal cell 
contamination. 

10 The most favorable candidate cell type to be isolated for prenatal non-invasive 
genetic investigation is the nucleated red blood cell (NRBC). which is exceptionally 
rare in adult blood while in early fetal blood NRBCs are the most represented cell 
type together with stem cells. 

Fetal white blood cells are present in extremely low percentage in fetal blood 
during the first trimester of pregnancy, it is therefore highly improbable to find them 
in maternal blood during the first trimester of pregnancy. 

At least 20 fetal cells have to be isolated from maternal blood for reliable genetic 
investigation. According to the literature, few hundreds fetal cells are circulating in 
25 ml maternal peripheral blood, 

20 within 1 50-200. lO^maternal nucleated cells and 100-150. lO^RBCs. 

This exceedingly low number of fetal cells within a large bulk of matemal cells 
represents the major obstacle to be overcome especially in view of the fact that a 
multi-step procedure produces a cellular loss along each step. The prefen-ed 
method must tiierefore try to minimize cellular loss and obtain fetal cell isolation 

25 by a single-step procedure. 

Patents are known disclosing methods for enriching and isolating fetal cells from 
peripheral maternal blood. 

USP 5,676.849 refers to a method for enriching a matemal whole blood sample for 
desired fetal cell population based on the density gradient centrifugation and 
30 passing the desired fraction containing fetal cell population through a counterflow 
stabilized charge-flow separator apparatus. 

USP 5,489386 discloses a density gradient medium for the isolation of rare cells 
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2a 

including fetal nucleated erythrocytes from peripheral material blood, said medium 
comprising a colloidal density gradient medium dispersed in a meltable gel. 
USP 5.432.054 refers to a method for isolating and enriching rare cells, including 
fetal nucleated erythrocytes from peripheral maternal blood, Including two 
centrifugation steps. 

The first centrifugation step has the aim of obtaining a red blood cell fraction. 

The second centrifugation is carried out in a vessel containing a density gradient 

medium consisting of a colloid dispersed In a meltable gel. 

After hemolysis of maternal red blood cells and melting the gel, the enriched fetal 

red blood ceil fraction is centrifuged through a density gradient medium to obtain a 

fraction enriched in fetal red blood cells. 

Said techniques are cumbersome, time-consuming, expensive and difficult to 
adapt to large scale screening or clinical testing applications. Moreover standard 
cell separation methods to Isolate fetal cells from maternal blood use a first step 
whereby fetal cells are enriched by density gradient centriftjgation In standard 
centrifuge tubes followed by highly sophisticated technology as centrifugal 
eluitration, fluorescence activated cell sorting or charge flow separation. 
Density gradient centrifugation in standard centrifuge tubes produces major 
cellular loss, at least 50% of cells initially present in the starting cell sample hit the 
tube walls where they stick or aggregate falling down to the tube bottom), 
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CLAIMS 

1. A method for isolating fetal cells present in maternal peripheral blood for 
prenatal genetic investigation, comprising the steps of: 

a) transferring maternal blood into non-physiological tissue culture medium, which 
5 after addition of an aqueous solution containing citric acid. Na citrate and 

dextran, has the following characteristics: 

pH 6.4 -6,6 

osmolality 300-330 mOsm 

Na* 150-170 mmol/l 

10 4,5-5.5 mmol/l 

cr 100-115 mmol/l 

Ca** 1.00-2.50 mmol/l 

glucose 400-500 mg/dl 

lactate 10-20 mg/d 

15 b) maternal blood, as modified in a) is transferred into a cell separation device, 

followed by the introduction into the said separation device of a liquid having an 

higher density and containing a RBCs aggregating agent; 

c) the nucleated cells, having a lower density than the liquid introduced in the step 
b) are isolated, in the discontinuous density gradient, by subjecting the 

20 separation device to centrifugal force; 

d) the isolated cells are washed and resuspended in tissue culture medium to 
regain physiological cell metabolism; 

e) fetal cells are identified by appropriate procedures and counted. 

2. The method of claim 1 whereby fetal NRBCs are isolated. 

25 3. The method of claim 3 in which the non-physiological medium obtained in step 

a) has the following characteristics: 

pH 6.5 

osmolality 320 mOsm 

Na* 165 mmol/l 

30 K* 5.35 mmol/I 

Cr 110 mmol/l 

Ca** 1-25 mmol/l 
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glucose 500 mg/dl 

lactate 10 mg/dl 

4. The method of claim 1 in which the RBCs aggregating agent of step b) is 
Ficoll. 

5 5. The method of claim 1 in which the density of the liquid introduced in the 
separation device by the step b) is 1.068 g/ml. 

6. The method of claim 1 in which the separation device used in step b), 
comprises an elongated chamber (1), whose cross section decreases from the 
base towards the top, at least a first channel (2) one end of which opens into the 

10 said chamber near the said base and the other end Is connected to a pressurized 
liquid source, and a second channel (3) one end of which opens into the same 
chamber (1) at the device top while the other end opens at the exterior of the 
device, the said device further comprising at least one additional channel (4), one 
end of which opens at a middle level of said chamber height and the other end 

1 5 opens at the exterior of the device . 
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This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is t>eing transmitted to the International Bureau. 

This Internatbnal Search Report conssts of a total of 3 sheets. 

Pn It is also accompanied by a copy ct each prior art document cited in this report. 



1. Basis or the report 

a. With regard to the language, the international search was earned out on the basis of the international application in the 
language in which it was tiled, unless othenwise indicated mder this item. 

I I ihe international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23. Kb)). 

b, Wrth regard to any nucleotide and/or amino add sequence disclosed in the international application, the international search 
was carried out on the basis of the sequence listing : 

I I contained in the international application in written lorn?. 

filed together with the international application in computer readat)le form. 



□ 
□ 
□ 
□ 

□ 

□ 
□ 



furnished subsequently to this Authority in written form, 
furnished sttosequently to this Authority in computer readble form. 

the statement that the sutjsequentty furnished written sequence listing does r>ot go t>eyond the disclosure in the 
internatiorial application as filed has been furnished. 

the statement that the information recorded in computer readable form is identical to the written sequence listing has been 
furnished 

Certain claims were found unsearchable (See Box I). 
Unity of Invention is lacking (see Box li). 



4. Wrth regard to the title, 

Pn the text is approved as sutmiitted by the applicant. 

I I the text has been established by this Authority to read as follows: 



With regard to the abstract. 

|X| the text is approved as submitted by the applicant. 

I I the text has been established, according to Rule 38.2(b). by this Authority as it appears in Box III. The applicant may. 
' — ' within one month from the date of mailing of this international search report, submit comments to this Authority 

The figure of the drawings to be published with the abstract is Figure No. J 

nn as suggested by the applicant. Q None of the figures. 

I I because the applicant failed to suggest a figure. 

I I because this figure better characterizes the invention. 
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